PiBS        ^3é7e?. 


INTERIM  DESIGN  AND  REVIEW 


GUIDELINES 


FOR 


WOOD  FIRED  COMBUSTORS 


APPROVALS  BRANCH 


August  30,  1990 


I 


INTERIM  CNESI^N  AHO  Ra^EW  GUIDEUNES 

FOR 
WOOD  FIfflED  <X)«BlfôTOI« 


PREFACE 


Proponents  of  wood  fired  combustors  are  required  to  submit 
applications  for  certificates  of  approval  under  Section  8,  and  in 
certain  cases  Section  27  of  the  Environmental  Protection  Act. 

In  addition,  some  large  wood  fired  combustors  may  be  designated 
under  the  Environmental  Assessment  Act. 

It  is  noted  that  "fuel  burning  equipment  used  solely  for  the 
purpose  of  comfort  heating  in  a  dwelling  used  for  the  housing  of 
not  more  than  three  families",  is  exempt  from  the  requirement  of 
an  approval  under  Section  8  of  the  Act  pursuant  to  Section  3.(3) 
of  Regulation  3  08  under  the  Environmental  Protection  Act. 

The  general  approval  requirements  are  outlined  in  the  table 
presented  in  Appendix  I. 
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GENERAL 

This  basic  design  and  review  guideline  is  intended  to  assist  the 
Approvals  Branch  in  their  review  of  Section  8  applications  for  wood 
fired  combustion  facilities  until  such  time  that  a  final  guideline 
and  a  formal  policy  are  in  place.  The  guideline  is  expected  to 
ensure  a  consistent  review  process  and  a  reasonable  confidence  in 
protection  of  the  environment. 

Appendix  II  outlines  the  intent  of  this  guideline  in  the  form  of 
a  quick  reference  table. 

A  formal  policy  may  be  developed  based  on  this  interim  guideline, 
after  stack  test  results  as  well  as  adequate  operating  experience 
are  available  for  the  approved  facilities. 


TEMPERATURE  AND  RETENTION  TIME 


All  wood  fired  combustors  shall  be  designed  such  that  they  can  be 
operated  on  a  continuous  basis  at  a  minimum  temperature  of  1000°C 
with  a  minimum  retention  time  of  1  second  for  the  combustion  gases. 

The  above  requirement  is  consistent  with  Policy  01-01  and  is 
expected  to  reduce  emissions  of  toxic  organics,  such  as  benzene, 
dioxins  and  furans,  polycyclic  organic  matter  (POM)  including  PAHs 
etc.  ,  which  have  been  found  to  be  emitted  from  combustion  of  virgin 
as  well  as  treated  wood. 

An  auxiliary  gas  or  oil  fired  burner  is  recommended  for  the  purpose 
of  achieving  the  required  combustion  temperature  prior  to  feeding 
any  wood  into  the  unit.  The  auxiliary  burner  is  required  in  cases 
when  the  combustor  may  be  operated  intermittently  or  may  otherwise 
be  subject  to  start-ups  more  than  five  times  a  week. 

The  above  requirements  may  necessitate  inclusion  of  a  secondary 
chamber  in  the  combustor  design.  It  is  expected  that  the  secondary 
chamber  will  also  enhance  mixing  of  oxygen  and  combustion  gases 
thus  improving  the  combustion  process. 
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OXYGEN  AVAILABILITY 


All  wood  fired  combustors  shall  be  designed  to  provide  and  shall 
operate  at  not  less  than  6  %  residual  oxygen  in  the  flue  gas.  A 
preferred  range  is  6  to  8  %. 


AIR  POLLUTION  CONTROL  EQUIPMENT 

•  Clean  Wood 

Facilities,  which  are  to  be  approved  for  combustion  of  virgin  wood, 
such  as  sawdust,  woodchips,  bark  etc.,  shall,  with  or  without  air 
pollution  control  equipment,  be  capable  of  achieving  a  particulate 
concentration  of  not  more  than  90  mg/Rm^  (milligrams  per  dry  cubic 
metre  normalized  to  11  %  Oj  at  a  reference  (R)  temperature  of  25°C 
and  a  reference  pressure  of  101.3  kPa)  in  the  undiluted  flue  gas. 

This  particulate  outlet  concentration  limit  is  considered  to  be  a 
target  for  smaller  units  (wood  firing  rate  less  than  10  tonnes  per 
day)  . 

The  target  particulate  outlet  concentration  for  large  wood  fired 
combustors  (firing  rate  more  than  200  tonnes  per  day)  shall  be  50 
mg/Rm^  in  the  above  reference  conditions. 

•  Treated  Wood 

Facilities,  which  are  to  be  approved  for  combustion  of  treated 
wood,  such  as  salt  laden  wood,  particleboard,  wood  treated  with 
preservatives  or  stain  prevention  agents  etc.,  will  require 
equipment  adequate  to  reduce  the  emissions  of  the  identified 
contaminants.  At  the  very  least,  these  facilities  shall  be 
equipped  with  air  pollution  control  equipment  capable  of  achieving 
a  particulate  concentration  of  not  more  than  20  mg/Rm'  (milligrams 
per  dry  cubic  metre  normalized  to  11  %  Oj  at  a  reference  (R) 
temperature  of  25°C  and  a  reference  pressure  of  101.3  kPa)  in  the 
undiluted  flue  gas. 
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This  requirement  is  consistent  with  the  Particulate  Outlet 
Concentration  stipulated  in  Policy  01-03,  and  is  intended  to  reduce 
emissions  of  toxic  metals  as  well  as  polychlorinated  dibenzodioxins 
and  dibenzofurans,  which  may  be  formed  dxoring  combustion  and  may 
be  attached  to  particulate  matter. 

This  particulate  outlet  concentration  limit  is  considered  to  be  a 
target  for  smaller  units  (wood  firing  rate  less  than  10  tonnes  per 
day)  . 

It  is  noted  that  the  temperature  of  the  flue  gas  shall  be  lowered 
as  much  as  practical  (preferred  range  110  -  140*'C)  prior  to  the 
final  particulate  collection  device  in  order  to  avoid  conditions 
that  favour  formation  of  dioxins  and  furans  and  also  to  condense 
metal  fumes. 

Appendix  III  provides  information  on  commonly  available  wood 
treatment  chemicals. 

No  foreign  materials,  solvents  or  other  contaminants,  shall  be 
allowed  in  wood  scraps  destined  to  be  burned  in  wood  fired 
combustors . 


COMPLIANCE  WITH  POINT  OF  IMPINGEMENT  CONCENTRATION  STANDARDS 


The  reviewers  shall  verify  compliance  with  all  relevant  point  of 
impingement  concentration  standards  and  guidelines  by  carrying  out 
dispersion  calculations  in  accordance  with  Regulation  308  under  the 
Environmental  Protection  Act. 

It  is  noted  that  Regulation  3  08  is  currently  under  review  for 
upgrade  and  update.  These  Design  and  Review  Guidelines  will  adhere 
to  the  new  requirements  of  the  Clean  Air  Program  in  accordance  with 
the  implementation  schedule  included  in  the  new  or  revised 
regulations. 
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PERFORMANCE  TESTING 

All  combustors,  which  burn  over  100  tonnes  per  day  of  wood,  shall 
undergo  Performance  Testing  in  accordance  with  an  ASME  (American 
Society  of  Mechanical  Engineers)  Power  Test  Code  (short  method 
acceptable)  in  order  to  obtain  information  on: 

(i)  the  adaptability  of  the  equipment; 

(ii)  best  methods  of  operation; 

(iii)  capacity  and  efficiency;  and 

(iv)  a  verification  of  Manufacturer's  guarantees. 

A  typical  Test  Code  is  provided  for  reference  in  Appendix  IV. 

Proponents  of  smaller  units  should  also  be  encouraged  to  carry  out 
a  Performance  Test  or  a  modified  acceptance  test. 


SOURCE  TESTING 

Source  testing  shall  be  required  for  all  wood  fired  combustors. 
The  following  outlines  minimum  requirements  as  well  as  preferred 
additional  requirements.  Comprehensive  flue  gas  sampling  and 
analysis  shall  be  required,  if  the  proponent  receives  funding 
assistance  from  government  sources. 

The  samples  shall  be  analyzed  as  follows: 

•  Suspended  particulate  matter  as  a  minimum  requirement  for  all 
wood  fired  combustors.  The  source  testing  report  shall 
include  records  of  CO  monitor  readings  during  flue  gas 
sampling. 
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Polycyclic  Organic  Matter  (POM) ,  as  listed  in  Appendix  V, 
required  for  combustors  biarning  more  than  2  tonnes  per  day  of 
wood.   Optional  for  smaller  combustors. 

Total  polychlorinated  dioxins  and  furans  required  for 
combustors  burning: 


(i)   more  than  2  tonnes  per  day  of  treated  wood,  or 
(ii)  more  than  10  tonnes  per  day  of  any  type  of  wood. 


Optional  for  other  combustors.  Individual  congeners  may  be 
required  later  if  there  appears  to  be  concern  regarding 
dioxins  and  furans. 


Selected  metals  required  for  all  combustors  burning  more  than 
2  tonnes  per  day  of  treated  wood  that  may  contain  toxic 
metals. 


Additional  analyses  may  be  required  on  a  case  by  case  basis 
depending  on  the  suspected  contaminants. 

The  above  testing  requirements  are  considered  necessary  for  the 
purpose  of  developing  a  database  for  emissions  from  wood  fired 
combustors.  Information  available  from  earlier  stack  tests  on 
substantially  identical  units  under  substantially  identical 
operating  conditions  may  be  used  at  the  discretion  of  the  review 
engineer,  but  it  is  strongly  recommended  that  some  source  testing 
be  required  for  all  facilities  until  a  good  database  is  available. 

It  is  recognized  that  POI  concentration  guidelines  are  not 
available  for  all  POMs,  however,  the  Hazardous  Contaminants 
Coordination  Branch  is  currently  working  on  a  scientific  criteria 
document  for  all  PAHs.  Therefore,  POM  emission  information  is 
valuable  in  order  to  gain  a  full  understanding  of  the  potential 
environmental  hazards  that  may  be  associated  with  wood  firing.  It 
is  noted  that  the  facilities  which  may  escape  the  testing 
requirements  at  this  time,  will  most  likely  be  caught  later  upon 
implementation  of  the  Clean  Air  Program. 
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CONTINUOUS  PROCESS  AND  EMISSION  MONITORING 


•  Temperature 

All  wood  fired  combustors  shall  be  equipped  with  temperature 
sensors  at  the  point  representing  one  second  retention  time. 
Continuous  temperature  recorders  shall  be  installed  for  the  purpose 
of  providing  a  verification  of  the  combustion  temperature.  In  lieu 
of  a  continuous  temperature  recorder,  the  proponent  may  undertake 
to  keep  hourly  records  of  the  temperature  readings  and  provide  the 
records  for  inspection  by  MOE  staff. 

•  Opacity 

A  continuous  double  pass  opacity  meter  shall  be  installed 
downstream  of  air  pollution  control  equipment  prior  to  any  dilution 
of  the  flue  gases  for  all  combustors  firing  more  than  2  tonnes  per 
day  of  wood. 

The  monitor  shall  be  equipped  with  a  recorder  and  an  alarm  set  at 
20  %  opacity. 

Periodic  testing  (once  a  month  as  a  minimum)  with  a  portable 
opacity  meter  may  be  required  for  smaller  units. 

In  lieu  of  an  opacity  meter,  combustors  controlled  by  a  baghouse 
may  be  equipped  with  pressure  sensing  devices  to  monitor  changes 
in  the  pressure  drop  across  each  baghouse  compartment  in  order  to 
detect  bag  failures. 

•  Carbon  Monoxide 

A  continuous  CO  monitor  shall  be  installed  in  the  flue  for  all 
combustors  firing  more  than  2  tonnes  per  day  of  woodwaste.  The 
monitor  shall  be  equipped  with  a  recorder. 

A  target  CO  level  shall  be  100  ppm,  however,  this  number  may  be 
adjusted  after  Performance  Testing. 

Periodic  testing  with  a  portable  CO  monitor  may  be  required  for 
smaller  units. 
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•    Oxygen 

A  continuous  oxygen  monitor  shall  be  installed  in  the  flue  for  all 
combustors  firing  more  than  10  tonnes  per  day  of  wood. 

The  oxygen  monitor  shall  be  equipped  with  a  recorder. 

Periodic  testing  with  a  portable  oxygen  monitor  may  be  required 
for  smaller  units. 


BOTTOM  RESIDUE  AND  FLYASH  HANDLING  (if  no  Part  V  application  is 
required) 

If  the  wood  contains,  or  is  suspected  of  containing,  contaminants 
listed  in  Schedule  4  of  Regulation  309  under  the  Environmental 
Protection  Act,  the  residue  from  the  fire  box  and  the  particulate 
matter  collected  in  the  air  pollution  control  equipment  shall  be 
tested  separately,  using  triplicate  samples,  according  to  the 
leachate  extraction  procedure  described  in  Regulation  309. 

All  materials,  which  are  required  to  be  tested,  shall  be  stored 
separately  on  site  until  test  results  are  available.  The 
owner/ operator  of  the  wood  fired  combustor  shall  then  register  the 
wastes,  if  required,  pursuant  to  Section  15.  (1)  and  (15)  (b)  of 
Regulation  309,  and  cause  the  disposal  of  the  wastes  at 
appropriately  approved  disposal  sites. 


MAINTENANCE 


The  combustor,  the  air  pollution  control  as  well  as  continuous 
monitoring  equipment  shall  be  maintained  in  accordance  with  the 
manufacturers •  recommendations  in  order  to  ensure  that  performance 
of  the  equipment  does  not  deteriorate  over  time. 

The  Proponent  shall  implement  Best  Management  Practices  (BMP)  to 
ensure  appropriate  maintenance  and  operation  of  the  wood  fired 
combustor.  As  part  of  the  BMP,  the  Proponent  shall  provide 
adequate  operator  training,  including  periodic  retraining  and 
upgrade. 
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CONDITIONS  ON  APPROVAL 

The  requirements  of  this  interim  guideline  shall  be  enforced  by 
setting  conditions  on  certificates  of  approval. 


APPENDIX  I 


GENERAL  APPROVAL  REQUIREMENTS 


APPROVAL  OF  WOOD  FIRED 
COMBUSTORS 


WOOD  FIRING  RATE 

TONNES  PER 

DAY  AS 

FIRED 

<100 

100-600 

>600 

STORAGE 
CAPACITY 

<500  m^ 

AND 

<6  MONTHS 

>500  m^ 

OR 

>6  MONTHS 

ANY 

ANY 

WITH  HEAT 
RECOVERY 

S.9 

S.9 

+ 
PART  V 

S.9 

+ 
PART  V 

S.9 

+ 
PART  V 

+ 
EA 

WITHOUT 

HEAT 
RECOVERY 

S.9 

S.9 

+ 
PART  V 

S.9 

+ 
PART  V 

+ 
EA 

S.9 

+ 

PART  V 

EA      1 

source:   Section  28.1  (2)  of  Reg  347 
Note: 

(1)  Woodwaste  combustor  site  for  residential  heating  is  exempt 
from  Part  V  if  not  more  than  50  m^  of  wastewood  is  stored  at 
the  wastewood  combustor  site.  (Section  28.1  (1)  of  Reg  347) 

(2)  Woodwaste  combustor  site  is  exempt  from  PART  V  if  the  wood 
waste  combustor  site  was  first  put  into  operation  before 
September  25,  1992  and  if  no  PART  V  was  required  for  its  use 
or  operation  prior  to  that  date.  (Section  28.1  (3)  of  Reg  347) 

(3)  Woodwaste  combustor  site  ceases  to  be  exempt  from  PART  V  under 

(2)  if  its  use  or  operation  changes  substantially.  (Section 
28.1  (4)  of  Reg  347) 

(4)  Woodwaste  combustor  site  ceases  to  be  exempt  from  PART  V  under 
(2)  if  it  is  in  operation  for  fewer  than  30  days  during  the 
period  September  26,  1992  to  September  26,  1993.  (Section  28.1 
(5)  of  Reg  347) 
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APPENDIX  II 


QUICK    REFERENCE  TABLE 


EXPLANATORY  NOTES  FOR  APPENDIX  I 

1.  "EA"  means  an  environmental  assessment  in  accordance  with  the 
Environmental  Assessment  Act. 

2.  "m^"  means  cubic  metres. 

3.  "PART  V"  means  a  certificate  of  approval  under  Section  27, 
Part  V  of  the  Environmental  Protection  Act,  known  as  the 
"waste  site  approval" 

4.  "S.9"  means  a  certificate  of  approval  under  Section  9  of  the 
Environmental  Protection  Act,  R.S.O.  1990,  known  as  the  "air 
approval" . 

5.  "Reg  347"  means  Regulation  347,  R.R.O.  1990,  enacted  under  the 
Environmental  Protection  Act,  R.S.O.  1990. 
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WOOD  TREATMENT  CHEMICALS 


Prttdominant  wood  traatment  cbemicals  in  Canada 


Wood  Preservatlvtts 


•  CCA  (chromated  copper  arsenate)  -  major  CCA-treated  products 
include  fence  posts,  liamber  for  patios  and  landscaping, 
foundation  lumber  and  plywood. 

•  ACA  (ammoniacal  copper  arsenate)  -  major  ACA-treated  products 
include  utility  poles  and  landscaping  timbers. 

•  PCP  (pentachlorophenol)  -  major  PCP-treated  products  include 
railway  ties  and  utility  poles. 

•  Creosote  -  major  uses  include  treatment  of  railway  ties, 
utility  poles  and  marine  pilings. 


Antisapstain  products 

•  Azaconazole 

•  Copper-8-quinolinolate 

•  Didecyldimethyl  ammonium  chloride  (DDCA) 

•  3-iodo-2-propynyl  butyl  carbamate  (IPBC) 

•  Borax 

•  2-(thiocyanomethylthio)  benzothiazole  (TCMTB) 

•  2 , 3, 4, 6-sodium  tetrachlorophenate 

•  sodium  pentachlorophenate 


products  such  as  railroad  ties,  bridge  and  mine  timbers,  and  utility  poles  are  usually  in 
direct  contact  with  moist  soil  or  in  locatior^s  where  moisture  collects  and  cannot  readily 
evaporate.  When  there  is  no  practical  means  of  limiting  moisture  content,  oxygen  levels 
or  temperature,  the  option  for  the  protection  of  such  wood  products  is  limited  to  the 
application  of  chemicals  which  act  as  agents  to  limit  fungal  growth  by  "poisoning"  the 
wood  food  source.  Simultaneously,  the  treatment  can  limit  the  other  wood-destroying 
organisms  such  as  insects  and  wood-borers. 

1.3  Jfood  Preservation  Chemicals 

Historically,  the  preservation  of  wood  by  chemical  means  can  be  traced  back 
over  4000  years,  to  the  time  when  the  Egyptians  apparently  used  bitumen  to  treat  wooden 
doweJ-pins  in  the  stonework  of  temples  (4).  At  the  time  of  the  Roman  Empire,  tar, 
linseed  oil,  oil  of  cedar,  and  mixtures  of  garlic  and  vinegar  were  used  for  the  preservation 
of  wooden  statues.  Alexander  the  Great  of  Persia  is  reported  to  have  ordered  piles  and 
other  timber  for  bridge  building  to  be  covered  with  olive  oil  as  a  precaution  against 
decay  (5).  Investigations  to  define  alternative  wood  preservation  agents  were  reported  in 
the  late  1600s  with  escalating  efforts  during  the  1800s.  A  review  of  the  many  chemicals 
and  chemical  formulations  used  historically  and  currently  can  be  found  in  the  above 
references  and  in  texts  such  as  those  written  by  Hunt  and  Garratt  (6)  and  Wilkensen  (7). 

The  choice  of  wood  preservative  depends  upon  the  character  of  the  wood  to  be 
treated,  the  required  service,  and  the  properties  of  the  chemical  or  formulation.  Wood 
preservation  formulations  must: 

•  be  toxic  to  attacking  organisms; 

•  l^e  able  to  penetrate  wood; 

•  be  chemically  stable; 

•  be  safe  to  handle; 

•  be  economical  to  use; 

•  not  weaken  the  structural  strength  of  the  wood;  and 

•  not  cause  significant  dimensional  changes  within  the  wood. 

Other  factors  which  determine  the  selection  of  wood  preservation  chemicals  or 
formulations  include:  fire  resistance;  colour  or  odour;  paintability;  corrosiveness; 
electrical  conductivity;  and,  leachability  from  wood. 

In  Canada  the  predominant  wood  preservative  chemicals  or  formulations  in  use 
are: 


•  CCA  (chromated  copper  arsenate).  Major  CCA-treated  products  include:  fence  posts, 
lumber  for  patios  and  landscaping,  and  foundatiçn  lumber  and  plywood. 

•  ACA  (ammoniacal  copper  arsenate).    Major  ACA-treated  products  include:  utility  poles 
and  landscaping  timbers. 

•  PCP  (pentachlorophenol).  Major  PCP-treated  products  include:    railway  ties  and  utility 
poles. 

•  Creosote.  Major  uses  include  treatment  of  railroad  ties,  utility  p)oles,  and  marirw  pilings. 

Although  other  wood  preservatives  have  been  used  in  the  past  in  Canada,  the 
four  chemicals  or  formulations  noted  above  are  the  only  preservatives  in  use  in  Canada 
since  i9S>.  The  development  of  alternative  chemicals  for  wood  preservation  is  the 
subject  of  ongoing  research.  The  actual  use  of  alternative  diemicals  will  depend  on 
industry  and  safety  evaluations,  and  on  approval  under  the  Federal  Pest  Control  Products 
Act  administered  by  Agriculture  Canada. 

lA  The  Value  of  Wood  Preservation 

Controlled  studies  have  shown  that  wood  preservation  enhances  the  life-time 
utility  of  wood  by  factors  of  5  to  15,  depending  on  the  wood  species,  use  and  efficacy  of 
treatment.  It  has  been  estimated  that,  if  in  the  U.S.A.  "untreated  wood  were  used  for  the 
applications  now  employing  preservative-treated  wood,  the  added  annual  cost  to  the 
transportation,  utility,  and  construction  industries  would  be  over  $15  billion  dollars. 
Energy  savings,  depending  on  the  substitute  materials  envisioned,  are  from  19  to  32 
million  barrels  of  pjetroleum  per  year"  (8). 

It  has  also  been  estimated  that  if  wood  were  not  treated  with  preservation 
chemicals,  timber  requirements  would  increase  by  three-  to  six-fold.  Such  requirements 
would  have  exhausted  many  timber  resources  required  for  railway,  utility,  construction 
and  marine  industries  (6).  Wood  preservation  also  enables  the  use  of  smaller  and  faster 
growing  trees  such  as  lodgepole  pine.  Prior  to  the  wide-spread  use  of  wood  preservation, 
timbers  used  in  structures  such  as  railway  bridges  were  required  to  be  over-sized  in  order 
to  accommodate  a  degree  of  decay. 


TABLE  1.  COMMERCIAL  USES  OF  TETRA-  AND 
PENTACHLOROPHENOL  COMPOUNDS      ' 


CHLOROPHENOL  COMPOUND 


CHEMICAL  STRUCTURE 


COMMON  COMMERCIAL  USES* 


TERMINOLOGY  FOR  SPECIFYING 
CHLORINE  POSITIONS  ON  THE 
PHENOL  MOLECULE 


OH 


THE  NUMERICAL  PREFIX  IN  THE 
COMPOUND  NAME  INDICATES 
THE  POSITION  OF  THE  CHLORINE 
ATOMIS) 


2.3,«.6-TETRACHLOROPHENOL 


OH 
CIv-^WyCI 

ct 


PESTICIDE 


2,3.8,6-SODIUM  TETRA- 
CHLOROPHENATE 

(the  water  soluble  sodium  salt 
of  2,3,<i.6-tetrachloropher>on 


ONa 
CI     J-.     CI 

CI 


SAPSTAIN  CONTROL  AGENT 

(the  primary  active  Ingredient  of 
Canadian  formulations  commonly 
used  in  British  Columbia} 


PENTACHLOROPHENOL 


OH 

CI''\^C1 
CI 


WOOD  PRESERVATIVE 

(termiticide,  fungicide) 

CONTROL  AGENT  FOR  MOULD  ON 
INERT  SURFACES 

(construction  industry) 

CONTROL  AGENT  FOR  MOULD  ON 
LEATHER  SHOE  UPPERS 

FUNGICIDE  IN  PROTEIN-BASED 
LATEX  PAINTS 


SODIUM  PENTACHLOROPHENATE 

(the  water  soluble  sodium  salt  of 
pentachlorophenol) 


ONa 
CI>^^VfCI 

ci-S^ci 

CI 


SAPSTAIN  CONTROL  AGENT 

(the  secondary  active  ingredient  in 
Canadian  formulations;  the  primary 
active  Ingredient  in  U.S.  formula- 
tions) 

ANTIFUNGAL,  ANTIBACTERIAL 
AGENT: 

-  In  adhcsives  (starch,  vegetable 
and  animal  protein-based) 

-  on  Inert  surfaces  (construction 
materials] 

-  on  leather,  hides  and  In  tanning 
solutions 

-  in  paint  (protein-based) 

-  tn  drilling  muds 

-  photographic  solutions 

-  paper  pulp  and  fibre  board 
•  textiles  (yarns  and  cloth) 

-  industrial  recirculating  cooling 
«raters 


'BASED  ON  INFORMATION  IN  REFERENCES  3  AND  U 


APPENDIX 


WOOD  TREATMENT  CHEMICALS 


APPROVAL  GUIDELINE  FOR 


WOOD  FIRED  COMBUSTORS 


FIRING 

TEMP., 

CONTIN. 

PARTIC. 

MINIMUM 

ADDIT. 

RATE    IN 

RET.    TIME 

MONITOR. 

STACK 

STACK 

STACK 

TONNES 

AND    OXYGEN 

REQ'T 

CONC. 

TESTING 

TESTING 

PER    DAY 

LIMIT 
(mg/Rm') 

REQ'T 

REQ'T 

• 

TARGET    20 

1000°C 

TEMP. 

(TREATED 

PARTIC. 

pom' 

<    2 

is 

WOOD) 

CO" 

DIOX/FU- 

METALS* 

6    %    Oj 

TARGET    SO 
(CLEAN 
WOOD) 

TEMP. 

PARTIC. 

DIOX/FU" 

2-10 

OPACITY 
CX) 

CO 

pom' 

DIOX/FU-,' 

metals' 

TEMP. 

20 

PARTIC. . 

OPACITY 

(TREATED 

CO" 

>    10 

CO 

WOOD) 

pom' 

OXYGEN 

DIOX/FU- 

90    /    50    ' 

metals' 

(CLEAN 

WOOD) 

' 

CONTINUOUS  MONITOR  READING  DURING   STACK  TEST 
f>ON   LIST    IN   APPENDIX  V 

2 

TOTAL  DIOXINS   (DIOX)  AND   FURANS   (FU>;    INDIVIDUAL   CONGENEI 

iS  KAY   BE   REQUIRED   1 

JMER 

3 

IF   CHLORINE   PRESENT    IN  UOCO   FEED 

4 

IF  METALS  KNOWN  OR   SUSPECTED   TO  BE   PRESENT    IN  THE  WOOD   FJ 

:ed 

1 

TARGET   OF    50  MG/M^  SHOULD  BE   USED    FOR   LARGE   COMBUSTORS   > 

200  T/D 

13 
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APPENDIX  IV 


ASME  POWER  TEST  CODE 


Steam 
Generating 

Units 


POWER 

TEST 

CODES 


FOREWORD 


T, 


HE  Test  Code  for  Stationary  Steam-Generating  Units  was  one  of  the  group  of  ten  forming  the  1915 
Edition  of  the  ASME  Power  Test  Codes.  A  revision  of  these  codes  was  begun  in  1918  and  the  Test 
Code  for  Stationary  Steam-Generating  Units  was  reissued  in  revised  form  in  October,  1926.  Further 
revisions  were  issued  in  February,  1930  and  January,  1936. 

In  Octobei,  iv^b  the  standing  Power  Test  Codes  Committee  requested  PTC  Committee  No.  4  to  con- 
sider a  revision  of  the  Code  to  provide  for  heat  balance  tests  on  large  steam  generating  units.  In  re- 
>\Titin£  the  Code  advantage  was  taken  of  the  experience  of  the  several  companies  in  the  utility  field 
which  had  developed  test  methods  for  the  large  modern  units  including  the  necessary  auxiliary  equip- 
ment directly  involved  in  the  operation  of  the  units.  At  the  same  time  the  needs  of  the  small  instal- 
lations were  not  overlooked.  At  the  November  30,  1945  meeting  of  the  standing  Power  Test  Codes  Com- 
mittee, this  revision  was  approved  and  on  May  23,  1946  the  Code  was  approved  and  adopted  by  the 
Council. 

In  view  of  the  continuously  increasing  size  and  complexity  of  steam  generating  units,  it  was  obvious 
thai  changes  ^^e^e  required  in  the  1946  Edition  of  the  Test  Code.  In  May,  1958  the  technical  committee 
was  reorganized  to  prepare  this  revision.  The  completely  revised  Code,  the  Test  Code  for  Steam 
Generating  Units,  was  approved  by  the  Power  Test  Codes  Committee  on  March  20,  1964.  It  was  further 
appro\ed  and  adopted  by  the  Council  as  a  standard  practice  of  the  Society  by  action  of  the  Board  on 
Codes  and  Standards  on  June  24,  1964. 
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SECTION  0,  INTRODUCTION 


0.1    This  Code  contains  instructions  for  testing 
steam  generating  units.    These  units  are  defined 
as  conibinntions  of  apparatus  for  liberating  and 
recovering  heat,  together  with  apparatus  for  trans- 
ferring to  a  «orLing  fluid  the  heat  thus  made 
available.    For  the  purpose  of  this  Code,  such  a 
unit  nia\   include  the  boiler,  furnace,  superheater, 
reheater,  economizer,  air  heater,  and  fueUburning 
equipment.    The  economizer  and  air  heater  are  not 
considered  a  part  of  [he  unit  when  the  heat  ab- 
sorbed bv  them  is  not  returned  to  the  unit.    It  is 
not  the  intent  of  these  testing  procedures  to 
obtain  data  for  establishing  design  criteria  of 
individual  parts  of  the  over-all  steam  generator. 
Code  Supplements  PTC  4.2  and  PTC  4.3  cover 
testing  of  pulverizers  and  air  heaters,  respective- 
ly. 

0.2    It  is  intended  that  in  using  this  Code  a 
detailed  examination  will  be  made  of  the  Code  on 
General  Instructions    PTC  1    and  all  other  Codes 
herein  referred  to  before  starting  preparations  for 
the  tests.    Such  stud\   is  for  the  purpose  of  as- 
suring an  orderly  and  thorough  testing  procedure 
since  it  provides  the  user  with  an  over-all  under- 
standing of  the  .ASME  Power  Test  Codes  require- 
ments and  enables  him  to  understand  readilv  the 
interrelationship  of  the  various  Codes.    Care 
should  be  exercised  to  obtain  and  use  the  latest 
revisions  of  the  Codes. 

0.3    While  Section  2  of  thisCode  is  concerned 
with  symbols  and  their  descriptions  applying 
specifically  to  testing  of  steam  generating  units, 
the  user  is  referred  to  the  Code  on  Definitions  and 
\alues    PTC  2    for  a  more  complete  discussion  of 
the  items  which  will  be  encountered. 

0.4    The  Supplements  on  Instruments  and  Appa- 
ratus PTC  19  referred  to  herein  should  be  studied 
thoroughly  because  the  value  of  the  test  results 
depends  on  the  selection  and  application  of  the 
instruments,  their  calibration  and  the  accuracy  of 
the  readings. 

0.4. ?    Other  items  of  vital  importance  to  the  value 
of  the  test  are  the  proper  determination  of  the 
high-heat  value  and  other  properties  of  the  fuel 
used.    The  appropriate  Code  for  the  type  of  fuel 


burned  and  .ASTM  Standard  Method  pertaining  to 
Heat  of  Combustion  should  be  followed  carefullv. 

0.5    This  Code  is  intended  as  a  guide  for  the 
conduct  of  all  steam  generator  tests,  but  it  could 
not  possibly  detail  a  test  applicable  to  every 
variation  in  the  design  of  steam  generators.    In 
every  case  a  competent  engineer  must  stud\  the 
particular  unit  and  its  relation  with  the  rest  of  the 
cycle  and  develop  test  procedures  which  are  in 
agreement  with  the  general  accuracy  and  intention 
of  this  Code.    Examples  of  the  design  variations 
in  operation  at  the  time  of  preparation  of  thisCode 
are  subcritical  and  supercritical  once-through 
units  and  dual-cycle  steam  generators.    Such 
units  were  considered  as  the  Code  was  being 
prepared  and  it  is  believed  that  the  provisions 
herein  can  be  applied  to  the  testing  of  such  steam 
generators. 

0.6    The  general  instructions  contained  in  this 
Code  shall  also  apply  to  the  testing  of  high  tem- 
perature water  heaters,  except  that  efficience  de- 
termination shall  be  by  heat  loss  method  only,  as 
described  in-Section  5.    The  input-output  method 
is  not  acceptable  because  of  potentially  large  in- 
accuracies introduced  by  the  presence  of  indeier- 
minant  quantities  of  steam  in  the  output  and  bv 
the  small  temperature  measurement  errors  in  a 
large  volume  flow  output. 

Test  capacity  or  output  shall  be  determined 
from  measured  heat  input  and  efficiency,  or  by 
direct  measurement  of  heat  output  if  a  high 
degree  of  accuracy  is  not  required. 

0.7    The  testing  of  nuclear  and  combined-cycle 
steam  generators  were  not  included  because  their 
development  at  the  lime  of  revising  this  Code  was 
such  that  specific  recommendations  could  not  be 
made. 

0.8    .advanced  instrument  systems,  such  as 
those  using  electronic  devices  or  mass  flow 
techniques,  may,  by  mutual  agreement,  be  used 
as  alternates  to  the  mandatory  Code  instrument 
require  men  Is,  provided  that  the  application  of 
such  instruments  has  demonstrated  accurac)' 
equivalent  to  that  required  by  this  Code. 
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SECTION  1,  OBJECT  AND  SCOPE 


1.01    The  purpose  of  this  Code  is  to  establish 
procedures  for  conducting  performance  tests  to 
determine: 

1.07.7    Efficiency 

1.07.2    Capacity 

J. 07 .3    Other  related  operating  characteristics 

such  as  steam  température  and  control  range, 

exit  gas  temperature,  draft  loss,  steam  —  water  — 

and  air  —  pressure  drops,  solids  in  steam  and  air 

leakage. 

1.02  A  determination  of  any  or  all  of  the  per- 
formance items  specified  above  may  be  necessary 
for  other  purposes  such  as: 

7.02.7    Checking  the  actual  performance  against 
guarantee. 

7.02.2  Comparing  these  items  with  a  standard  of 
operation. 

1.02.3  Comparing  different  conditions  or  methods 
of  operat  ion. 

1.02.4  Determining  the  performance  of  different 
parts  of  the  steam  generating  unit. 

7.02.5  Comparing  performance  when  firing  dif- 
ferent fuels. 

7.02.6  Determining  the  effects  of  changes  to 
equipment. 

1.03  The  rules  and  instructions  given  in  this 
Code  appK  to  the  equipment  defined  in  the  intro- 
duction.   Testing  of  auxiliary  apparatus  shall  be 
governed  hv  the  Power  Test  Code  applying  speci- 
fically to  the  auxiliary  in  question. 

1.04  Instructions  are  given  for  .no  acceptable 
methods  of  testing  steam  generators  to  determine 
efficiency.    One  method  is  the  direct  measure- 
ment of  input  and  output,  hereinafter  referred  to  as' 
the  input-output  method.    The  other  method  is  the 
direct  measurement  of  heat  losses  and  is  herein- 
after referred  to  as  tht  lieat  loss  method.    The 
method  followed  in  conducting  the  tests  shall  be 
clearly  defined  in  the  report. 

7.04.7  The  input-output  method  requires  the 

accurate  measurement  of  the  quantity  and  high- 
heat  value  of  the  fuel,  heat  credits  and  the  heat 
absorbed  by  the  working  fluid  or  fluids. 

7.04.2    The  heat  loss  method  requires  the  deter- 
mination of  losses,  heat  credits  and  ultimate 


analysis  and  high-heat  value  of  the  fuel.  To  es- 
tablish the  capacity  at  which  the  losses  occur  it 
is  necessary  to  measure  either  the  input  or  output. 

7.04.3  Throughout  this  Code,  input  is  defined  as 
the  chemical  heat  in  the  fuelOiigh-heat  value  of  the 
fuel  as  determined  from  laboratory  analysis)  plus  heat 
credits  added  to  the  working  fluid  or  fluids,  air, 

gas  and  other  fluid  circuits  which  cross  the  enve- 
lope boundary  as  shown  in  Fig.  1.*  The  envelope 
boundary  encompasses  the  equipment  to  be  in- 
cluded in  the  designation  "steam  generating 
unit."    Heat  input  and  output  that  cross  the  enve- 
lope boundary  are  involved  in  the  efficiency  cal- 
culations.   Apparatus  is  outside  the  envelope 
boundary  when  it  requires  an  outside  source  of 
heat  or  where  the  heat  exchanged  is  not  returned 
to  the  steam  generating  unit. 

7.04.4  The  output  is  defined  as  the  heat  absorbed 
by  the  working  fluid  or  fluids. 

7.04.5  Heat  credits  are  defined  as  those  amounts 
of  heat  added  to  the  envelope  of  the  steam  gener- 
ator unit  other  than  the  chemical  heat  in  the  fuel 
"as  fired".    These  credits  include  quantities 
such  as  sensible  heat  (function  of  specific  heat 
and  the  measured  temperature)  in  the  fuel,  in  the 
entering  air  and  in  the  atomizing  steam,  and  heat 
from  power  conversion  in  pulverizer,  circulating 
pump,  primary  air  fan  and  recirculating  fan. 

7.04.6  For  a  better  understanding  of  the  relation- 
ships between  input,  output,  credits  and  losses, 
refer  to  Fig.  2.* 

"   1.05    Capacity  of  steam  generators  is  defined 
as  actual  evaporation  in  pounds  of  steam  per  hour 
delivered  or  Btu  per  hour  absorbed  by  the  working 
fluid  or  fluids.    Capacity  of  hot  water  heaters  is 
defined  as  the  heat  absorbed  by  water  and  the 
heat  of  any  steam  that  may  be  generated    (Btu  per 
hour). 

1.06   The  efficiency  of  steam  generating  equip- 
ment determined  within  the  scope  of  this  Code  is 
the  gross  efficiency  and  is  defined  as  the  ratio  of 
heat  absorbed  by  the  working  fluid  or  fluids  to  the 
heat  input  as  defined  in  Par.  1.04.3.    This  defi- 
nition disregards  the  equivalent  heat  in  the  power 


•Note:  Figs.  1  and  2  are  available  in  pad  form  through 
the  ASME  Order  Department. 
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s  T  E  A  M     G  E  N  E  R  A  T  I  N  G     U  N'  I  T  s  ^3 

required  by  the  auxiliary  apparatus  external  to  the       ciency  test.    Where  heat  losses  are  to  be  adjusted 

envelope  (See  Fig.  D.  to  compensate  for  variations  in  fuel, or  changes  in 

»  «/  •.    r-rt     ■  f       L  L    J     •  1    inlet  air  temperature,  as  would  be  done  in  verify- 

1.06.1    Lffioencv  tor  the  two  methods  is  expressed    .....  ,  ,  ^ 

,,,,,.'.  me  an  efficiency  guarantee,  the  procedure  eiven 

bv  the  following  equations:  .  "^c  -     r-  c       ^      ,       r- 

in  i>ection  4,    Corrections  to  standard  or  Guarantee 

Input-Output  Method  —  Conditions  of  the  Code  should  be  followed. 

Efficiency  (per  cent)  =  -i — - —  1.08   The  adjustment  of  test  results  to  include 

Input  L       «  /         •     1        L  i- 

toe  effect  of  equivalent  heat  in  auxiliary  power  to 

Heat  absorbed  by  working  fluid  or  fluids      -..    determine  "net  efficiency"  is  not  a  requirement 

Heat  in  fuel  +  heat  credits  of  the  Code.    If  net  efficiency  is  to  be  determined, 

_      ,     .       .  n       -,  n  i'  shall  be  by  the  method  eiven  in  Par.  6.2. 

For  derivation  see  rar.  7.2  ° 

,,        .         1/     I     J  '•09    Both  the  heat  loss  and  the  input-output 

Heat  Loss  Method  -  ,     i      r    l  ■     /-    j  ^  ■ 

methods  of  this  Lode  apply  to  steam  generating 

Efficiency  (per  cent)  units  operating  with  either  solid,  liquid  or  gaseous 

fuels. 


inn      (  Heat  Losses  ,..^ 

=   100-   l-rj : J ■. Tj 7= jT—  X    100 

\Heat  in  fuel  +  Heat  Crédits  / 


1.09.1    This  Code  will  apply  only  when  tests  are 

For  derivation  see  Par  7.3.  run  using  a  single  fuel. 

1.07    For  conducting  an  abbreviated  efficiency  1.09.2    Where  test  have  to  be  made  using  a  combi- 

test  that  considers  only  the  major  losses,  and  nation  of  fuels,  it  will  be  necessary  to  establish 

only  the  chemical  heat  in  the  fuel  as  input,  the  test  procedures  and  calculations  based  on  the 

data  and  calculation  procedures  in  the  ASME  guiding  principles  and  general  intent  of  thisCode. 

Test  Report  for  Simplified  Efficienc\  Test  mav  be  For  assistance  in  approaching  this  problem  refer- 

nsed.    (Note;  These  forms  are  available  in  pad  ence  is  suggested  to  \olume  78,  Transactions 

form  through  the  ASME  Order  Department.)  ASME,  August,,  1956  "Combustion  Calculations 

The  use  of  abbreviated  test  procedures  are  not  for  Multiple  Fuels.** 

encouraged,  but  it  is  recognized  that  on  routine  i  in   -ri      i  •       -         r  .  r 

,     ,,     .  ,  -,  1. 10    1  he  determination  of  data  of  a  research 

testine  of  all  sizes  of  steam  generators  and  on  ,  ■   i   i         •  ,  , 

,  ML-  J  •    5  1  nature  or  other  special  data  is  not  covered  b\  this 

acceptance  testing  oi  small  heating  and  industrial  _    , 

steam  generators  that  a  simplified  test  is  the  only 

practical  approach.    .Although  the  abbreviated  test  1.11    It  is  recommended  that  a  report  be  prepared 

procedure  ignores  the  minor  losses  and  heat  for  each  test,  either  the  abbreviated  or  complete 

credits,  the  test  procedures  for  obtaining  the  test,  giving  complete  details  of  the  conditions 

major  items  will  be  the  same  as  specified  in  PTC  under  vihich  the  test  has  been  made  including  a 

4.1,  Test  Code  for  Steam  Generating  Lnits  and  record  of  test  procedures  and  all  data  in  form 

therefore  the  contents  of  this  Code  should  be  read  suitable  for  demonstrating  that  the  objectives  of 

and  understood  prior  to  running  a  simplified  effi-  the  test  have  been  attained. 


n 


PTC  4.1-  1964 


"i^ 


3i 


WASTE  Mt*T 

OR  LOWLtVEL 

ECONOMIZER 


201 


.«.  HEAT  OUT 


I  19/    I.p/Vl8      17 


TEllPERlNC  AIR 

f  ROM  ROOM  OR 

F.D.  f  AN 

BliCHARGE 


«ATER        LEAr. 
INJECTION    OFF 


FIG  1    STEAM  GENERATING  UNIT  DIAGRAM 


14 


HEAT  IN  FUEL  (H,)    (CHEMICAL) 

P* 

HE*T  IN   ENTERING  AIR 

Bz 

MEAT  IN   ATCMIZINC  STEAM 

B, 

SEwaBLE  HEAT  IN  FUEL 

INPUT 

Bx 

PULVERIZER  OR  CRUSHER  POWER 

Bx 

BOILER  CIRCULATING  PUMP  POWER 

Bx 

PRIMARY  AIR  FAN  POWER 

Bx 

RECIRCULATING  GAS  FAN  POWER 

B.* 

HEAT  SUPPLIED  BY  MOISTURE 

IK    ENTERING    AIR 

B_ 

MEAT  IN  COOLING  WATER 

ENVELOPE . ' 

PTC  4.1   -  1964 


y    •(-  CREDITS  (By 


[ 


BOUNDARY 


LOSSES  (L) 


r  ^ 

I 

c 

\  f 

HEAT  IN  PRIMARY  STEAM 

HEAT  IN  DESUPERHEATER  WATER  AND  CIRCULATING  PUMP  INJECTION  WATER 

HEAT  IN  FEEDWATER 

HEAT  IN  SLOWDOWN  AND  CIRCULATING  PUMF  LEAK-OFF  WATER 

MEAT  IN  STEAM  FOR  MISCELLANEOUS  USES 

HEAT  IN  REHEAT  STEAM  OUT 

HEAT  IN  DESUPERHEATER  WATER 

MEAT   IN   REHEAT  STEAM  IN 


.  ^-= 

UNBURNED  CARBON  IN  REFUSE 

Lo 

HEAT  IN  DRY  GAS 

L„, 

MOISTURE  IN  FUEL 

^H 

MOISTURE   FROM  BURNING  HYDROGEN 

L-A 

MOISTURE  IN  AIR 

,     L, 

HEAT  IN  ATOMIZING  STEAM 

^CO 

CARBON  MONOXIDE 

.  L,„ 

UNBURNED  HYDROGEN 

LuHC 

UNBURNED  HYDROCARBONS 

L5 

RADIATION    AND  CONVECTION 

^ 

RADIATION  TO  ASH  PIT,  SENSIBLf  HEAT  IN 
SLAG  4  LATENT  HEAT  OF   FUSION  0^   SLAG 

L. 

SENSIBLE  HEAT  IN  FLUE  DUST 

L, 

HEAT  IN  PULVERIZER  REJECTS 

U. 

HEAT  IN  COOLING  WATER 

L. 

SOOT  BLOWING 

OUTPUT    =    INPUT  -  LOSSES 
DEFINITION:    EFFICIENCY  (PERCENT)  =   t,     (%)   =  SJILLyJ  x  100  =   '^^^'^'I '-    «   100 


HEAT  BALANCE:    H,  +  B   =  OUTPUT  +  L     OR    t,    (S)  =   h  -  -_t_ 

'  '        L      '     J 


X   100 


FIG.  2    HEAT  BALANCE  OF  STEAM  GENERATOR 
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JMMARY  SHEET 


ASME     TEST     FORM 
FOR    ABBREVIATED    EFFICIENCY    TEST 


PTC  4.1-0(1964) 


TEST  NO.                                       BOILER  NO.                DATE                         ~~\ 

Owner  of  plant 

LOCATION 

TEST  CONDUCTED  BY 

OBJECTIVE  OF  TEST                                                           DURATION 

BO 

LER    MAKE  S.  TYPE 

RATED  CAPACITY 

STOKER    TYPE  &  SIZE                                                                                                                                                                                                                                                             ] 

PULVERIZER,  TYPE  £.  SIZE 

BURNER,  TYPE  &  SIZE 

FUEL  USED                                                             MINE 

COUNTY                                             STATE                                 SIZE  AS  FIRED 

PRESSURES    &    TEMPERATURES 

FUEL     DATA 

1 

STEAM  PRESSURE  IN  BOILER  DRUM 

piio 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%   W1 

OIL 

2 

STEAM  PRESSURE  AT  S.  H.  OUTLET 

psio 

37 

MOISTURE 

51 

FLASH   POINT   F* 

3 

STEAM  PRESSURE  AT  R.  H.  INLET 

piio 

38 

VOL  MATTER 

52 

Sp.Grovity  Deg.  API- 

4 

STEAM  PRESSURE  AT  R.  H.  OUTLET 

psio 

39 

FIXED  CARBON 

53 

VISCOSITY  AT  SSU- 
BURNER              SSF 

5 

STEAM  TEMPERATURE  AT  S.  H.  OUTLET 

F 

40 

ASH 

44 

TOTAL  HYDROGEN 

6 

STEAM  TEMPERATURE  AT  R   H    INLET 

F 

TOTAL 

41 

Btu   per  lb 

7 

STEAM  TEMPERATURE  AT  R.H.  OUTLET 

F 

41 

Btu  per  Ib  AS  FIRED 

e 

*aTER  temp,  entering  'ECON  HBOILER) 

F 

42 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

CAS 

r.  VOL 

9 

STEAM  QUALITY '"c  MOISTURE   OR  P.P.M. 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

54 

CO 

10 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

43 

CARBON 

55 

CH,       METHANE 

11 

TEMP    AIR    FOR   COMBUSTION 
(Thrs  IS   Rf'erei^ce   Tt^oïrotu'e'   ' 

F 

44 

HYDROGEN 

56 

CjH,     ACETYLENE 

12 

TEMPERATURE  0=   '=JzL 

F 

45 

OXYGEN 

57 

CjH.     ETHYLENE 

13 

GAS  TE.v  =  .  LEAVING  (Ecilefl  (Eton.)  (A.r  Htr.) 

F 

46 

NITROGEN 

58 

CjH,      ETHANE 

U 

GAS  TEMP.   ENTERING  AH  (H  conditions   to  be 
co'rerte-   •?  cuco-'ee 

F 

47 

SULPHUR 

59 

H,S 

UNIT      QUANTITIES 

40 

ASH 

60 

CO, 

15 

ENTHALPY  OF   SAT.  LIQUID  fTOTAL  HEAT) 

Btu  'It 

37 

MOISTURE 

61 

Hj             HYDROGEN 

16 

ENTHALPY  OF  (SATURATED)  (SUPERHEATED) 

ST  M 

Btu/lb 

TOTAL 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

(ECON.- 

Btu.'lb 

COAL  PULVERIZATION 

TOTAL  HYDROGEN 

■"»   wt 

IB 

ENTHALPY  0=  REHEATED  STEAM  R.H.  INLET 

Btu  'Ib 

48 

GRINDABILITY 
INDEX- 

62 

DENSITY    68  F                                    | 
ATM    PRESS.                   1 

19 

ENTHALPY  OF  REHEATED  STEAM  R.  H. 
OUTLET 

Btu'lb 

49 

FINENESS  r.THRU 
50  M* 

63 

Btu  PER  CU  FT 

20 

HEATABS   LB0FSTEAM(ITEMlt_lTEM17) 

Btu   Ib 

50 

FINENESS  %  THRU 
200  M- 

41 

Btu  PER  LB 

21 

HEAT  ABS.LB  R.H.  STEAM(ITEM  19-ITEM  IB) 

Btu/lb 

64 

INPUT-OUTPUT                                         ITEM  31   •  100 
EFFICIENCY  OF  UNIT  n                          ITEM    29 

22 

DRY   REFUSE   (ASH   FIT  ♦   FLY  ASH)  PER  LB 
AS  FIRED  FUEL 

lb./lb 

HEAT  LOSS  EFFICIENCY 

Btu'lb 
A.F.  FUEL 

%  of  A.   F 
FUEL 

23 

Biu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu.'lb 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

7i 

CARBON  BURNED  PER  LB  AS  FIRED   FUEL 

Ib/lb 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

25 

DRY  Gas  PER  LB  AS  FIRED  FUEL  BURNED 

Ib/lb 

67 

HEAT  LOSS  DUE  TO  HjO  FROM  COMB  OFHj 

HOURLY    QUANTITIES 

6B 

HEAT  LOSS  DUE  TO  COMBUST    IN  REFUSE 

26 

ACTUAL  WATER  EVAPORATED 

Ib/ht 

69 

HEAT  LOSS  DUE  TO  RADIATION 

27 

REHEAT  STEAM  FLOW 

Ib/hr 

70 

UNMEASURED  LOSSES 

28 

RATE  OF   FUEL   FIRING  (AS  FIRED  wi) 

Ik/ltr 

7? 

TOTAL 

29 

TOTAI     HFAT    INPUT        (Item   28    X   Itett,   41) 

1000 

kB/Kr  . 

72 

EFFICIENCY  =  (100  -  Item  71) 

30 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

kB/hr 

31 

MP  I**"  (1  tem  26.  Item  20X1  tf  m  27  r  Item  21)  ♦Item  30 
OUTPUT                                  1000 

kS/Kr 

FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  HTR) 

DUTLET                    1 

32 

CO, 

1  VOL 

33 

0, 

%  VOL 

34 

CO 

%  VOL 

Not  Requirvd  lor  Efficiency  Testing 

35 

Nj       (BY   DIFFERENCE; 

%  VOL 

■ 

36 

EXCESS  A'R 

r 

t  For  Point  of  Meeturamant  See  Por.  7.2.8.1-PTC  4.1-1964 

cu'.  ation  sheet 


ASME     TEST     FORM 
FOR     ABBREVIATED     EFFICIENCY     TEST 


PTC4.1-b  (1964), 


Owner  of  plant 


TEST  NO. 


BOILER  NO. 


Date 


HEAT  OUTPUT  IN  BOILER  BLOW. DOWN  WATER  =LB  OF  WATER  BLOw.DOWN  PER  HR  x 


ITEM  IS 


ITEM  17 


1000 


kB/hr 


//  impractical  to  weigh  refuse,  this 
Item  can  be  estimated  as  follows 

DRY  REFUSE  PER  LB  OF  AS  FIRED  FUEL  = 


%  A5H  IN  AS  FIRED  COAL 
100  -  %  COMB.  IN  REFUSE  SAMPLE 


CARBON  BURNED 
PER  LB  AS  FIRED 
FUEL 


ITEM  43 


100 


ITEM  22 


ITEM  23 


U.SOO 


NOTE:    IF  FLUE  DUST  &  ASH 
PIT  REFUSE  DIFFER  MATERIALLY 
IN  COMBUSTIBLE  CONTENT,  THEY 
SHOULD  BE  ESTIMATED 
SEPARATELY.   SEE  SECTION  7, 
COMPUTATIONS. 


DRY  GAS  PER  LB 
AS  FIRED  FUEL      = 
BURNED 


nCOj  +  80j  +  7(Nj  +  CO) 


SfCOj    +    CO) 

ITEM  32  ITEM  33 

1 1   X  +  8  X 


X     (LB  CARBON  BURNED  PER  LB  AS   FIRED  FUEL    ♦ 


♦    7 


ITEM  35 


ITEM  34 


3     X 


TEM  32 


ITEM  34 


ITEM  24 


ITEM  47 


EXCESS 

AIR  t 


0,     - 


=     100   X 


CO 
2 


ITEM  33     - 


ITEM  34 


.26S2N3  -  (n.   -    CO   ^ 
2 


-       100    X 


.2662  (ITEM  35)  -  (ITEM  33  -    '"''^'^  ^^  ) 


HEAT      LOSS      EFFICIENCY 


Btu'lb 

AS  FIRED 

FUEL 


LOSS 

MHV 

100    = 


LOSS 


HEAT  LOSS  DUE 
TO  DRY  GAS 


pIr'lEAs'    xC    x,.U,-.c,.)  =  "''^^^0  24""^*^^^'-"^^^^". 
FIRED  FUEL  "        Uni, 


65 

X  100; 

41 


M^rSTU^Rl  IN 'fIel    -  Af  "fIre'"  'el  ^  ^  'ENTHALPY  OF   VAPOR    AT  1   PSIA  .  T  GAS  LVG, 

-(ENTHALPY   OF  LIQUIDAT  T  AIR)]    =    '"'^^'^  "^^     X  [(ENTHALPY   OF  VAPOR 

IDO 


66 
41 


X  100  = 


AT  1   PSIA  &  T  ITEM  13)  -(ENTHALPY  OF  LIQUID  AT  T  ITEM  1  1)1 


HEAT  LOSS  DUE  TO  HjO  FROM  COMB.  OF  Hj    :  ÇHj    x    [(ENTHALPY  OF  VAPOR  AT  1   PSIA  &  T  GAS 

LVG)  -  (ENTHALPY  OF  LIQUID  AT    T  AIR)] 

r    9    X     '''"^"  ^^      X    ['ENTHALPY  OF  VAPOR  AT   1   PSIA  4   T  ITEM  13)  -  (ENTHALPY    OF   LIQUID  AT 


100 


T    ITEM  11)1 


67 


,  X  ic: 


41 


HEAT  LOSS  DUE   TO 
COMBUSTIBLE  IN  REFUSE 


ITEM  22  ITEM  23 

X 


68 

—    xlOO 
41 


HEAT  LOSS  DUE  TO 
RADIATION* 


TOTAL  BTU  RADIATION  LOSS  PER  HR 
LB  AS  FIRED  FUEL     -      item  28 


69 

X  100 

41 


UNMEASURED  LOSSES  *• 


70 
41 


X  100 


TOTAL 


EFFICIENCY     =    (100  -ITEM  71) 


r.çotous  ii«term, notion  of  e«cm  oir  tec  Appendix  9.2  -   PTC  4.1-1964 

o»»et  ore  not  meoiured,  u>e  ABMA  S'ondord  Rodiotion  Lot»   Cl^ort,   Fig.  8.   PTC  4.U1964 
tmeosjred   losses  listed  m   PTC  4.1   bwt  not  tobwioted  obove  moy  by  providtd  for  by  otsigning  o  mutuoHy 
rard  upon  value  lor  item  70. 


i: 


SECTION  2,  SYMBOLS  AND  THEIR  DESCRIPTIONS 


2.1    Nutnericol  Subscripts.    The  diagram  of  a 
steam  generating  unit,  shown  in  Fig.  1,  is  in- 
tended to  serve  as  a  key  to  numerical  subscripts 
emploved  throughout  this  Code  to  indicate  the 
location  to  which  reference  is  made.    Many  large 
installations  will  have  all  of  the  apparatus  shown. 
Small  industrial  and  commercial  installations  will 
be  less  elaborate.    Even  though  the  apparatus  may 
not  be  in  exactly  the  same  relative  position,  it  is 
believed  that  the  numerical  identification  shown 
on  this  line  diagram  will  prove  applicable  and 
helpful. 


2.1. ?    In  the  case  of  chemical  symbols,  iLc 
numerical  subscripts  refer  to  the  number  of  atoms 
and  not  to  the  key  diagram.    The  standard  chemi- 
cal symbols  are  used  throughout  this  Code  and  are 
so  well  knoun  that  it  is  considered  unnecessary 
to  enumerate  all  of  them. 


2.h2    When  net  efficiency  is  to  be  computed  as 
outlined  in  Par.  6.2,  it  is  necessary  to  determine 
certain  values  at  points  not  indicated  on  Fig.  1. 
TTiese  items  will  carry  subscripts  higher  than 
those  shown  on  Fig.  1. 

2.2    Symbols.    A  list  of  symbols  for  use  in  the 
computation  is  included  at  the  end  of  this  section. 
TTie  chemical  symbols  are  also  used  in  some 
cases  as  subscripts. 

2.2.1    With  so  many  quantities  and  points  of  refer- 
ence involved,  it  has  been  found  impractical  to 
restrict  the  Code  to  the  use  of  single  subscripts. 
Where  both  letter  and  numerical  subscripts  are 
used,  the  numerical  one  is  given  second;  for 
example  If  ^^jj  •    This  symbol  means  "Ï"  for 
pounds,  " s"  for  stea.-!!,  "e"  for  elapsed  time  and 
"ifjjjj"  then  should  be  read  "pounds  of  steam 
per  hour  at  location  32  on  Fig.  1"    (Superheater 
outlet). 


18 


STEAM     G  E      E  R  A  T  1  N  G     UNITS 
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Symbol»  and  Description 


Be 

Bf. 
B. 


mAe 


B. 

b 
C 


CO 

C02 

C02HC 

e 
'pa- 


Symbol 

Description 

Unit 

A 

Air 

Dry  Air 

As  fired 

Gravity  of  the  fuel  based  on  the  API  scale 

A' 

A.F. 

API,, 

deg  API 

A6 

Theoretical  quantity  of  air  required  for  complete  combustion  of  the 

lb  per  lb  of  A.F. 

fuel 

fuel 

Ax 

Excess  air  is  the  actual  quantity  of  air  used  minus  the  theoretical 
air  required  divided  by  the  theoretical  air,  and  expressed  as  a 
percentage 

per  cent 

a 

Ash  content  of  the  fuel 

per  cent  by  weight 

B 

Heat  credits  added  to  the  steam  generator  in  the  form  of  sensible 

Btu 

heat 

Sensible  heat  supplied  b\'  the  entering  air  (rate) 

Sensible  heat  supplied  by  the  dry  entering  air  (rate) 

Heat  credits  added  to  the  steam  generator  in  the  form  of  sensible 
heat  (rate) 

Sensible  heat  supplied  with  the  fuel  (rate) 

Heat  supplied  from  the  moisture  entering  with  the  inlet  air  (rate) 

Heat  supplied  by  auxiliary  drives  (rate) 

Heat  supplied  by  the  atomizing  steam  (rate) 

Burned 

Pounds  of  carbon  per  pound  of  "as  fired"  fuel  —  (laboratory 

ana!\  sis) 

Pounds  of  carbon  burned  per  pound  of  "as  fired"  fuel 

Per  cent  carbon  rnonoxide  per  volume  of  dry  flue  gas.    Determined 
by  flue  gas  analysis 

Per  cent  carbon  dioxide  per  volume  of  dry  flue  gas.    Determined  by 
flue  gas  analysis 

The  pounds  of  carbon  dioxide  foimed  from  burning  the  hydrocarbon 
in  the  dry  flue  gas 

Specific  heat 

Specific  heat  at  constant  pressure 

Mean  specific  heat  of  dry  air  at  constant  pressure 

Mean  specific  heat  at  constant  pressure  for  the  flue  dust  over  the 
temperature  from  the  reference  to  the  flue  gas  temperature 


Btu  per  hr 
Btu  per  hr 
Btu  per  hr 

Btu  per  hr 
Btu  per  hr 
Btu  per  hr 
Btu  per  hr 


lb  per  lb  of  A.F. 
fuel 

lb  per  lb  of  A.F. 
fuel 

per  cent 


per  cent 

lb  per  lb  of  dry 
gas 

Btu  per  lb  F 

Btu  per  lb  F 

Btu  per  lb  F 

Btu  per  lb  F 
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ASME  POWER  TEST  CODES 


Symbols  ond  Dvtcriptien  (Cont'd) 


Symbol 

Description 

Unit 

V 

Mean  constant  pressure  specific  heat  of  the  inlet  fuel  determined 

Btu  per  lb  F 

for  temperature  difference  between  fuel  inlet  temperature  and 

reference  temperature 

«pC 

Mean  specific  heat  of  the  flue  gas 

Btu  per  lb  F 

Cpî 

Specific  heat  of  steam 

Btu  per  lb  F 

D 

Standard  or  guarantee 

d 

Flue  gas  refuse  (dust) 

d' 

Dry  flue  gas  refuse  (dust) 

E 

Energy- 

Btu 

Es 

Energy  consumed  by  auxiliaries 

Btu 

e 

Elapsed  time 

hr 

f 

Fuel 

C 

Flue  gas 

c 

Dry  flue  gas 

8 

H 

Gross 

Pounds  of  hydrogen  exclusive  of  that  in  moisture  per  pound  of 

lb  per  lb  of  A.F. 

"as  fired"  fuel  (laborator>-  analysis) 

fuel 

H2 

Hydrogen  content  of  the  flue  gas  (laborator)-  analysis) 

cu  ft  per  cu  ft  dn,-  gas 

HC 

Per  cent  hydrocarbons  per  volume  of  dry  flue  gas  (laboratory 

analysis) 

per  cent 

fie',- 

High-heat  value  of  total  dry  refuse   (laboratory  analysis) 

Btu  per  lb  of  refuse 

"f. 

High-heat  value  of  the  fuel  at  constant  pressure 

Btu  per  lb 

Bi. 

High-heat  value  of  the  fuel  at  constant  volume 

Btu  per  lb 

»f 

High-heat  value  (chemical  heat)  of  the  fuel  on  the  "as  fired"  basis 
daboraloPr'  analysis) 

Btn  per  lb 

Hf 

High-heat  value  (chemical  heat)  of  the  fuel  on  a  dry  basis 
(laboratory  analysis) 

Btu  per  lb 

Br 

High-heat  value  (chemical  heat)  of  the  pulverizer  rejects 
(laboratory  analysis) 

Btu  per  lb 

h 

Enthalpy 

Btu  per  lb 

^Rw 

Reference  enthalpy  of  entering  moisture.    It  is  the  enthalpy  of  the 
Liquid  at  the  reference  temperature 

Btu  per  lb 

hR, 

Reference  enthalpy  of  entering  vapor.    It  is  the  enthalpy  of  the 
saturated  vapor  at  the  reference  temperature 

Btu  per  lb 

hs 

Enthalpy  of  steam 

Btu  per  lb 

A» 

Enthalpy  of  steam  supplied  to  any  auxiliary  steam  drive 

Btu  per  lb 

STEAM     GENERATING     UNITS 
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SymboU  end  Description  (Cont'd) 


^L'HC 

h 

M 


M 


HC 


Symbol 

Description 

U 

nit 

K 

Enthalpy  of  the  vapor 

Btu  per 

lb 

A„ 

Enthalpy  of  the  liquid 

Btu  per 

lb 

t 

Isentropic  process 

Btu  per  cubic  foot  of  dry  flue  gas  (laboratory  analysis) 

K 

Btu  per  cu  ft  of 
drv  gas 

(kuh) 

Electrical  energy 

Kilowatt-hour 

L 

Heat  loss  from  the  steam  generator  which  could  have  been  added 
to  the  working  fluid 

Btu  per 
fuel 

lb  of  A.F. 

^co 

Heat  loss  due  to  the  formation  of  carbon  monoxide 

Btu  per 
fu-1 

Ibof  A.F. 

I, 

Heat  loss  due  to  sensible  heat  in  flue  dust 

Btu  per 
fuel 

lb  of  A.F. 

Lc- 

Heat  loss  due  to  heat  in  dry  flue  gas 

Btu  per 
fuel 

lb  of  A.F. 

Lh 

Heat  loss  due  to  moisture  from  burning  hydrogen 

Btu  per 
fuel 

lb  of  A.F. 

i.4 

Heat  loss  due  to  moisture  in  the  combustion  air 

Btu  per 

lb  of  A.F. 

' 

fuel 

^«/ 

Heat  loss  due  to  moisture  in  the  "as  fired"  fuel 

Btu  per 

fuel 

Ibof  A.F. 

applicable,  latent  heat  of  fusion  of  slag 
Heat  loss  due  to  heat  in  pulverizer  rejects 


Heat  loss  due  to  unburned  carbon 


Heat  loss  due  to  unburned  hydrogen 


Heat  loss  due  to  wiburned  hydrocarbons 


envelope  Fig.  1 
Heat  loss  due  to  heat  in  the  atomizing  steam 

Heat  loss  due  to  radiation  and  convection 

Molecular  weight  of  any  substance 
Molecular  \^eieht  of  hydrocarbons 


heat  in  slag  and,  if 

Btu  per 
fuel 

lb  of  A.F. 

Btu  per 

lb  of  A.F. 

fuel 

, 

Btu  per 

lb  of  A.F. 

fuel 

Btu  per 

lb  of  A.F. 

fuel 

Btu  per 

lb  of  A.F. 

fuel 

r  used  within  the 

Btu  per 
fuel 

lb  of  A.F. 

Btu  per 

Ibof  A.F. 

fuel 

Btu  per 

lb  of  A.F. 

- 

fuel 

lb  per  mole 

lb  per  mole 
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SymboU  and  Description  (Cont'd) 


Symbol 

Description 

Unit 

m 

Moisture  content 

per  cent  by  weight 

"»/ 

Moisture  in  (uel 

lb  of  water  per  lb 
of  A.F.  fuel 

«ip 

Moisture  in  pit  refuse 

lb  of  water  per  lb 
of  pit  refuse 

N 

Pounds  of  nitrogen  per  pound  of  "as  fired"  fuel  (laborator)' 

analysis) 

lb  per  lb  of  A.F. 
fuel 

N2 

Per  cent  nitrogen  per  volume  of  dry  flue  gas.    Determined  by 
subtracting  the  sum  of  the  measured  quantities  CO2,  O2  and  CO 

from  100 

per  cent 

Net 

0 

Pounds  of  oxygen  per  pound  of  "as  fired"  fuel  (laboratory 
analysis) 

lb  per  lb  of  A.F. 
fuel 

O2 

Per  cent  oxygen  per  volume  of  dry  flue  gas.    Determined  by  flue 
gas  analysis 

per  cent 

p 

^>5 

Atmospheric  pressure 

psia 

/'r 

Pressure  of  gaseous  fuel  at  the  primary  measuring  element 

psia 

r 
Pa 

rressure 
Atmospheric  pressure 

psia 

Pf 

Pressure  of  gaseous  fuel  at  the  primary  measuring  element 

psia 

PmA 

The  partial  pressure  or  vapor  pressure  of  the  moisture  in  the  air 

psia 

P     , 

mC 

The  partial  pressure  or  vapor  pressure  of  the  moisture  in  the  flue 

635 

psia 

P. 

Pressure  of  the  steam  measured  at  the  point  indicated  by  the 
appropriate  numerical  subscript  (Fig.  1) 

psia 

Pu- 

Pressure  of  the  water  measured  at  the  point  indicated  by  the 
subscript  number  (Fig.  1) 

psia 

P 

Ashpit  refuse 

lb 

E 

Ashpit 

p 

Dry  pit  refuse 

lb 

Q,^ 

Quantity  of  gaseous  fuel  fired  (rate)  —  based  on  14.7  psia  and 
68  F.    Note  that  the  standard  cu  ft  in  the  gas  industry  is  based 
on  60  F  and  14.73  psia 

cu  ft  per  hr 

R 

Reference 

Universal  gas  constant  (1545) 

«u 

ft-Jb/lb  mole, 
degR 

r 

Pulverizer  rejects 

lb 

S 

Pounds  of  sulfur  per  pound  of  "as  fired"  fuel  (laboratory 

lb  per  lb  of  A.F. 

anaKsis) 

fuel 
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Symbols  end  Description  (Cont'd) 


Symbol 

Description 

Unit 

SO2 

Per  cent  sulfur  dioxide  per  volume  of  dry  flue  gas  (laboratory 
analysis) 

per  cent 

5 

Steam 

T 

Temperature  Rankine 

R 

t 

Temperature  Fahrenheit 

F 

tRA 

Reference  air  temperature  is  the  base  temperature  to  which  sensible 
heat  losses  and  credits  are  compared  for  efficiency  computations 

F 

tA 

Temperature  of  air 

F 

'/ 

Temperature  of  fuel 

-F 

ic 

Temperature  of  flue  gas 

F 

h 

Temperature  of  steam 

F 

'u 

Temperature  of  the  water 

■ 

F 

V 

L  nburned 

V 

\  olume  of  any  substance  —  substance  indicated  by  subscript 

eu  ft 

^I 

\  apor 
tleight 

u 

lb 

^A 

Pounds  of  moist  air  supplied  per  pound  of  "as  fired"  fuel 

lb  per  lb  of  A.F. 
fuel 

I^V 

Pounds  of  dry  air  supplied  per  pound  of  "as  fired"  fuel 

lb  per  lb  of  A.F. 
fuel 

^A, 

Pounds  of  air  supplied  (rate) 

lb  per  hr 

^'. 

Pounds  of  dry  air  supplied  (rate) 

lb  per  hr 

fc 

The  pounds  of  dry  gas  leaving  unii  per  pound  of  "as  fired"  fuel 

lb  per  lb  of  A.F. 
fuel 

d    p 

Pounds  of  dry  refuse  per  pound  of  "as  fired"  fuel 

lb  per  lb  of  A.F. 
fuel 

"d  p  t 

Pounds  of  dry  refuse  collected  (rate) 

lb  per  hr 

«T/. 

Pounds  of  fuel  fired  (rate)  either  solid  or  liquid 

lb  per  hr 

ir'c'N2 

Pounds  of  nitrogen  in  dry  gas  per  pound  of  "as  fired"  fuel 

lb  per  lb 

f-^' 

Pounds  of  moisture  per  pound  of  dry  air 

lb  per  lb  of  dry  air 

»„ 

Pounds  of  steam  per  hour  flowing  at  any  location  identified  by 
appropriate  numerical  subscript 

lb  per  hr 

»„. 

Pounds  of  steam  supplied  (rate)  to  all  the  steam  driven  auxiliaries 

lb  per  hr 

K. 

Pounds  of  water  (rate) 

lb  per  hr 

^\ 

Pounds  of  atomizing  steam  per  pound  of  "as  fired"   fuel 

lb  per  lb  of  A.F. 
fuel 
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Symbol 


X 

X 

z 
/S 

y 
s 

e 


^ 


(prime) 
A 
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Symbols  ond  Description  (Cont'd) 


Description 


Water 

Excess 

Auxiliary  • 

Atomizing  steam 

Radiation  and  convection 

Gas  specific  weight  at  68  F  and  14.7  psia 

Corrected 

Efficiency 

Gross  efficiency 

Net  efficiency 

Efficiency  of  auxiliary  drives 

Theoretical 

The  number  of  pound  moles  of  any  substance  —  substance  indicated 
by  subscript 

Dry 

Change 


Unit 


lb  per  cu  ft  of 
gas 


per  cent 
per  cent 
per  cent 
per  cent 


2.3    Test  ond  Run.  Throughout  this  Code  the  word  *'test"  is  applied  only  to  the  entire  investigation, 
and  the  word  "run"  to  a  subdivision.    A  run  consists  of  a  complete  set  of  observations  made  for  a 
period  of  time  with  one  or  more  of  the  independent  variables  maintained  virtually  constant. 


SECTION  3,  GUIDING  PRINCIPLES 


3.01    Items  on  Which  Agreement  Shall  be 
Reoched.    In  order  to  achieve  the  objectives  of 
the  test  the  interested  parties  must  reach  cigree- 
rr^nt  on  the  following  pertinent  items: 

3.07.01  Gross  efficiency  determination  —  Defined 
in  Par.  1.06. 

3.07.07.7    Genera!  method  —  Heat  loss  or  input- 
output. 

3.07.07.2  Heat  credits  to  be  measured. 

3.07.07.3  Heat  credits  to  be  assigned  where  not 
measured. 

3.07.07.4  Heat  losses  to  be  measured. 

3.07.07.5  Heat  losses  to  be  assigned  where  not 
measured. 

3.07.07.6  Permissible  deviation  in  efficiency 
between  duplicate  runs. 

2.01 .02  Capacity  or  Output  —  Defined  in  Par. 
1.05. 

3.01 .02    Other  related  operating  characteristics  — 

See  Sect  ion  8. 

2.01 .04  .allocation  of  responsibilitv  for  all  per- 
formance and  operating  conditions  which  affect 
the  test. 

3.07.05  Selection  of  test  personnel  to  conduct 
the  test. 

3.07.06  Establishment  of  acceptable  operational 
conditions,  number  of  load  points,  duration  of 
runs,  basis  of  rejection  of  runs  and  procedures  to 
be  followed  during  the  test. 

3.07.07  Cleanliness  of  unit  initially  and  how 
this  is  to  be  maintained  during  the  test.    See  Par. 
3.04.2. 

2.01.08  .Actual  air  leakage  to  be  allowed,  if  any, 
initially  or  during  the  test. 

3.07.09  The  source  of  thermodynamic  properties 
to  be  used.    Sources  such  as  "Thermodynamic 
Properties  of  Steam"  bv  keenan  and  Keyes,  and 
ASME  Supplement  thereto,  and  "Vapor  Charts"  by 
Ellenwood  and  Mackey  are  acceptable. 

3.07.70    The  fuel  to  be  fired,  the  method  of 
obtaining  fuel  samples  and  the  laboratory  to  make 
the  anaKsis. 


3.07.7  7    Observations  and  readings  to  be  taken  to 
comply  with  the  object  or  objectives  of  the  test. 

3.07.72  Instruments  to  be  used,  calibration  of 
instruments,  methods  of  measurement  and  equip- 
ment to  be  used  in  testing  the  unit.  The  Power 
Test  Code  Supplements  on  Instruments  and  Appa- 
ratus should  be  used,  when  applicable. 

3.07.73  Tolerances  and  limits  of  error  in  measure- 
ment and  sampling. 

3.07.74  Distribution  of  fuel  refuse  quantities  be- 
tween various  collection  points  and  methods  of 
sampling. 

3.07.75  Corrections  to  be  made  for  deviations 
from  specified  operating  conditions. 

3.02  Selection  of  Personnel.    To  insure  obtain- 
ing reliable  results,  all  personnel  participating  in 
the  test  shall  be  fully  qualified  to  perform  their 
particular  function. 

3.03  Tolerances  and  Limits  o^  Error.    This 
Code  does  not  include  consideration  of  over-all 
tolerances  or  margins  on  performance  guarantees. 
The  test  results  shall  be  reported  as  computed 
from  test  observations,  with  proper  corrections 
for  calibrations. 

3.03.7    Allowances  for  errors  of  measurement  and 
sampling  are  permissible  provided  they  are  agreed 
upon  in  advance  by  the  parties  to  the  test  and 
clearh-  stated  in  the  test  report.    The  limits  of 
probable  error  on  calculated  steam  generator  ef- 
ficiency, shall  be  taken  as  the  square  root  of  the 
sum  of  the  squares  of  the  individual  effects  on 
efficiency. 

2.02.2    Whenever  allowances  for  probable  errors 
of  measurement  and  sampling  are  to  be  taken  into 
consideration,  the  reported  test  results  shall  be 
qualified  by  the  statement  that  the  error  in  the 
results  may  be  considered  not  to  exceed  a  given 
plus  or  minus  percentage,  this  value  having  been 
determined  in  accordance  with  the  foregoing 
method  for  computing  limits  of  probable  error. 

2.02.2   The  following  table  is  included  as  a  guide 
to  show  the  effect  on  efficiency  of  measurement 
errors  exclusive  of  sampling  errors.    The  measure- 
ment error  range  in  the  table  is  not  intended  to  be 
authoritative  but  conforms  approximately  with  ex- 
perience.   The  values  in  the  table  are  not  intended 
to  be  used  in  any  calculation  of  test  results. 
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PROBABLE  MEASUREMENT  ERRORS 
AND  RESULTING  ERRORS  IN  EFFICIENCY  CALCULATIONS 


3.02.4    I  -  Input-Output  Method 


Measurement 


(1)  Reigh  tanks  (calibrated  scales) 

(2)  Volumetric  tanks  (calibrated) 

(3)  Calibrated  flow  nozzle  or  orifice  including 

manometer 

(4)  Calibrated  flow  nozzle  or  orifice  including 

recorder 

(5)  Coal  scales  -  Batch  or  dump  (calibrated) 

(6)  Uncalibrated  flow  nozzle  or  orifice  including 

manometer 

(7)  Uncalibrated  flow  nozzle  or  orifice  including 

recorder 

(8)  Fuel  heating  value    (coal) 

(gas  and  oil) 

(9)  Reheat  flow  (based  on  heat  balance  calculations) 

(10)  Superheater  outlet  temperature  (calibrated 

measuring  device) 

(11)  Superheater  outlet  pressure  (calibrated 

measuring  device) 

(12)  Reheater  inlet  and  outlet  temperature 

(calibrated  measuring  device) 

(13)  Reheater  inlet  and  outlet  pressure 

(calibrated  measuring  device) 

(14)  Feedwater  temperature  (calibrated  measuring 

device) 


Meosurement 

error, 

per  cent 


±0.10 

±0.25 
±0.35 

±0.55 

±0.25 
±1.25 

±1.60 

±0.50 
±0.35 
±0.60 
±0.25 

±1.00 

±0.25 

±0.50 

±0.25 


Error  in  calculated 
Steam  Generotor 
Efficiency,  per  cent 


±0.10 
±0.25 
±0.35 

±0.55 

±0.25 
±1.25 

±1.60 

±0.50 
±0.35 
±0.10 
±0.15 

±0.00 

±0.10 

±0.00 

±0.10 
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.03.5    //  -  Heof  Loss  Method 


Meosurement 

Errorin  calculated 

Meosurement 

error, 

St 

earn  Generotor 

per  cent 

Effi 

ciency,  per  cent 

(1) 

Heating  value    (coal) 

±0.50 

±0.03 

(gas  aod  oil) 

±0.35 

±0.02 

(2) 

Orsat  analysis 

±3.00 

±0.30 

(3) 

Exit  gas  temperature 

(calibrated  measuring  device) 

±0.50 

±0.02 

(4) 

Inlet  air  temperature  (calibrated  measuring 
device) 

±0.50 

±0.00 

(5) 

Ultimate  analysis  of  coal       (carbon) 

±1.00 

±0.10 

(hydrogen) 

±1.00 

±0.10 

(6) 

Fuel  moisture 

±1.00 

±0.00 

3.04    Acceptonce  Test.    An  acceptance  test 
shall  be  undertaicen  onl\  when  the  parties  to  the 
test  certify  thai  the  unit  is  operating  to  their 
satisfaction  and  is,  therefore,  ready  for  test. 
Especially  in  the  case  of  fuel  burning  equipment, 
adjustments  and  changes  are  sometimes  necessary 
to  obtain  optimum  performance.    The  acceptance 
test  should  be  started  as  soon  as  the  unit  is  in 
satisfactory  condition  for  test,  provided  the  load 
and  other  governing  factors  are  suitable. 

3.04.7    Parties  to  the  test  may  designate  a  p>erson 
to  direct  the  test  and  to  serve  as  arbiter  in  the 
event  of  disputes  as  to  the  accuracy  of  obser- 
vations, conditions  or  methods  of  operation,  see 
Par.  8.04.1. 

3.04.2  All  heat  transfer  surfaces,  both  interna! 
and  external,  should  be  commercially  clean 
(normal  operating  cleanliness)  before  starting  the 
test,  refer  to  Par.  3.01.7.    During  the  test,  only 
the  amount  of  cleaning  shall  be  permitted  as  is 
necessary  to  maintain  normal  operating  clean- 
liness. 

3.04.3  After  a  preliminary  run  has  been  made,  it 
may  Le  declared  an  acceptance  run  if  agreed  to 
and  provided  that  all  the  requirements  of  a  regular 
run  have  been  met. 

3.04.4  At  least  two  runs  shall  be  made  approxi- 
mating the  load  required  for  acceptance.    If  the 


results  exceed  the  previously  agreed  upon  devi- 
ation in  efficiency  between  runs,  a  third  run  will 
be  required.    The  test  efficiency  at  the  requ'ired 
load  will  be  the  average  of  the  two  runs  which  fall 
within  the  permissible  deviation  in  efficiency. 

3.05  Preparotion  for  All  Tests. 

3.05.1  The  entire  stea.Ti  generating  unit  shall  be 
checked  for  leakage.  Air  heater  internal  leakage 
shall  also  be  checked.  Excessive  leakage  shall 
be  corrected. 

3.05.2  Before  the  test  is  started,  it  shall  be 
determined  whether  the  fuel  to  be  fired  is  substan- 
tially as  intended. 

3.05.3  Any  departures  from  standard  or  previously 
specified  conditions  in  physical  state  of  equip- 
ment, cleanliness  of  heating  surfaces,  fuel  charac- 
teristics, or  constancy  of  load,  shall  be  described 
clearly  in  the  report  of  the  test. 

3.06  A  Preliminary  Run  shall  be  made  for  the 
purpose  of: 

3.06.?    Checking  the  operation  of  all  instruments. 

3.06.2  Training  the  observers  and  other  test 
personnel. 

3.06.3  Making  minor  adjustments,  the  needs  for 
which  were  not  evident  during  the  preparation  for 
the  test,  and  establishing  proper  combustion  con- 
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ditions  for  the  particular  fuel  and  rate  of  burning 
to  be  employed. 

3.07    Starting  and  Stopping.    Combustion  condi- 
tions, rate  of  feeding  fuel  (also  quantity  of  fuel 
on  grate  if  stoker  fired),  rate  of  feeding  water, 
water  level  in  drum  (if  of  drum  type),  excess  air 
and  all  controllable  temperatures  and  pressures 
shall  be,  as  nearly  as  possible,  the  same  at  the 
end  of  the  run  as  at  the  beginning.    These,  and 
any  other  conditions  in  which  variations  might 
affect  the  results  of  the  test,  shall  be  essentially 
reached  and  held  as  constant  as  possible.    There 
must  be  reasonable  assurance  that  the  temperature 
tS  the  refractories  of  the  setting  and  all  other 
parts  of  the  equipment  have  reached  equilibrium 
before  the  run  is  started.    The  time  required  to 
attain  stabilization  or  equilibrium  with  respect  to 
temperatures  will  vary  widely  with  the  design  of 
the  unit  and  character  of  materials  in  the  setting. 
This  period  of  stabilization  can  vary  from  a  mini- 
mum of  one  hour  to  more  than  three  hours. 

3.07.1  In  some  instances  it  may  be  necessary  to 
terminate  a  run  prematurely  because  of  inability 

to  maintain  one  or  more  of  the  operating  conditions 
at  the  desired  value. 

3.07.2  In  order  to  attain  the  desired  operating 
conditions  when  solid  fuel  is  fired  by  stokers,  it 
is  essential  that  major  cleaning  and  conditioning 
of  the  fuel  bed  shall  be  accomplished  some  length 
of  time  before  the  run  starts  and  again  the  same 
length  of  time  before  the  run  is  completed.    Minor 
occasional  normal  cleaning  of  the  fuel  bed  may  be 
permitted  during  the  run.    Rate  of  burning  or  feed- 
ing fuel  after  the  initial  cleaning  of  fires  shall  be 
kept  at  that  rate  which  is  to  prevail  during  the 
run.    The  fuel  bed  depth  shall  be  the  same  at  the 
beginning  and  end  of  the  run.    The  ashpit  shall  be 
emptied  either  just  after  the  initial  and  final 
cleaning  and  conditioning  of  the  fuel  bed  or  just 
before  the  start  and  end  of  the  run  so  that  the 
weight  of  refuse  corresponds  to  the  weight  of 
coal  burned. 

3.07.3  In  the  case  of  runs  to  determine  the  maxi- 
mum output  at  which  the  unit  can  be  operated  for 
a  short  period,  the  run  should  be  started  as  soon 
as  the  maximum  output  is  reached  and  continued 
until  conditions  necessitate  terminating  the  run. 

3.08    Duration  of  Runs. 

3.08.7    When  determining  the  efficiency  of  coal 
fired  units,  using  pulverized  coal  or  crushed  coal 


as  in  the  case  of  cyclone  firing,  the  runs  should 
be  preferably  of  not  less  than  four  hours  duration. 
This  duration  is  satisfactory  even  for  tests  con- 
ducted by  the  input-output  method  provided  a  unit 
system  of  pulverizers  or  crushers  is  used,  and  the 
foel  weighed  as  it  is  fed  to  the  pulverizers  or 
crushers.    For  those  stations  having  a  centralized 
fuel  preparation  plant,  it  may  be  impractical  to 
weigh   the  fuel  fed  to  any  one  unit,  in  which  case 
the  loss  method  should  be  used. 

3.08.2  When  determining  the  efficiency  of  a  stoker 
fired  steam-generating  unit  by  input-output,  the 
runs  should  be  preferably  of  twenty-four  hours 
duration.    However,  in  the  case  of  continuous  ash 
discharge  stokers,  if  conditions  make  it  advisable, 
the  length  of  a  run  may  be  reduced,  but  not  to  less 
than  ten  hours.    The  longer  the  duration  of  the 
runs  the  less  will  be  the  possibility  of  significant 
error  due  to  estimating  the  difference  in  amount  of 
tmburned  fuel  on  the  grate  at  the  beginning  and 
end  of  the  run.    In  many  cases  it  is  difficult  to 
estimate  the  change  in  thickness  of  a  large  fuel 
bed  closer  than  three  inches.    When  the  ratio  of 
ash  to  unburned  fuel  is  also  indeterminate,  the 
final  estimate  of  effective  change  in  bed  thick- 
ness will  frequently  be  in  error  by  as  much  as  four 
inches.    The  possible  error  due  to  estimating  the 
effective  change  in  the  amount  of  unburned  fuel  on 
the  grate  at  the  beginning  and  end  of  each  run 
should  be  considered  in  determining  the  duration 
of  each  run.    Runs  by  heat  loss  method  shall  be 

of  at  least  four  hours  duration. 

3.08.3  When  determining  the  efficiency  of  steam 
generating  units  fired  with  liquid  or  gaseous  fuels, 
the  runs  should  preferably  be  of  not  less  than  four 
hours  duration. 

3.08.4  For  waste  heat  boilers,  efficiency  runs 
shall  be  for  not  less  than  four  hours  duration. 

3.08.5  The  duration  of  runs  to  determine  the 
maximum  short  period  output,  when  the  efficiency 
is  not  to  be  determined,  shall  be  by  agreement  of 
the  parties  to  the  test. 

3.08.6  The  actual  duration  of  all  runs  from  which 
the  final  test  data  are  derived  shall  be  clearly 
stated  in  the  test  report. 

3.09    Performonce  G)rv«t.    It  is  desirable,  but 
not  mandatory,  that  runs  be  made  at  not  less  than 
four  different  outputs,  so  that  curves  may  be  drawn 
to  relate  the  test  points.    Such  curves,  showing 
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♦     pertinent  test  data,  plotted  against  output,  are  very 
useful  in  appraising  the  performance  of  the  unit, 
because  the  desired  outputs  are  seldom  exactly 
obtained  during  the  test.    Where  there  are  enough 
lest  points  to  establish  characteristic  curves,  the 
performance  at  any  output  may  be  read  from  the 
curves. 

3.10    Frequency  and  Consistency  of  Readings. 

Except  for  quantity  measurements,  the  readings 
shall  be  taken  at  15  minute  intervals.    If,  how- 
ever, there  are  fluctuations,  the  readings  shall  be 
taken  at  such  frequency  as  may  be  necessary  to 
determine  the  average. 

2.10.1  Where  the  amount  of  fuel  or  feedwater  is 
determined  from  integrating  inso  uments,  a  reading 
shall  be  taken  every  hour.    If  the  quantities  to  be 
determined  are  weighed,  the  frequency  of  weighing 
is  usualiv  determined  b)  the  capacity  of  the 
scales,  but  the  intervals  shall  be  such  that  a 
total  can  be  obtained  for  each  hour  of  the  test. 
The  time  shall  be  recorded  when  each  hopper  of 
coal  or  each  tank  of  feedwater  is  dumped.    When 
indicating  flowmeters  or  manometers  are  used  with 
venturi  tubes,  flow  nozzles  or  orifice  plates  for 
subsequeniK-  determining  quantity  measurements, 
the  flow  indicating  element  shall  be  read  at  five 
minute  intervals  or  more  frequently  when  deemed 
necessary. 

3.10.2  It  is  suggested  that,  in  so  far  as  feasible, 
pertinent  data  of  the  run  be  plotted  continuously, 
as  the  run  progresses,  on  coordinate  paper  of 
suitable  scale  arrangements  to  permit  a  complete 
review  of  the  conduct  of  the  run  at  least  hourl\. 

3.n    Rejection  of  Runs.    Should  serious  in- 
consistencies in  the  observed  data  be  detected 
during  a  run  or  during  the  computation  of  the 
results,  the  run  shall  be  rejected  completely,  or 
in  part  if  the  affected  part  is  at  the  beginning  or 
at  the  end  of  the  run.    A  run  that  hasbeen 
rejected  shall  be  repeated,  if  necessary  to  attain 
the  objectives  of  the  test. 

3.12  Records  and  Test  Reports.    All    obser- 
vations, measurements  and  instrument  readings 
necessarv-  for  the  objective  of  the  test  shall  be 
recorded  as  observed.    Corrections  and  corrected 
values  shall  be  entered  separately  in  the  test 
record. 

3.13  Instruments  ond  Methods  of  Meosorement. 
The  necessary  instruments  and  procedures  for 


making  measurements  are  prescribed  herein  and 
should  be  used  in  conjunction  with  the  following 
ASME  Power  Test  Codes  Supplements  on  Instru- 
ments and  Apparatus,  and  other  publications  for 
detailed  specifications  on  apparatus  and  proce- 
dures involved  in  the  testing  of  steam-generating 
units.    In  all  cases,  care  shall  be  exercised  to 
refer  to  the  latest  revision  of  the  document  con- 
cerned. 

3.13.1  ASME  Power  Test  Codes: 

General  Instructions  PTC  1 

Definitions  and  Values  PTC  2 

Diesel  and  Burner  Fuels  PTC  3.1 

Solid  Fuels  PTC  3.2 

Gaseous  Fuels  PTC  3.3 

Coal  Pulverizers  PTC  4.2 

Air  Heater  PTC  4.3 

Centrifugal,  Mixed  Flow  and  Axial  Flow 

Compressors  and  Exhausters  PTC  10 
Fans  PTC  11 

Dust  Separating  Apparatus  PTC  21 
Determining  Dust  Concentration  in  a  Gas 

Stream  PTC  27 

3.13.2  Supplements  on  Instruments  and  Apparatus 

PTC   19: 
Part  1,  General  Considerations  PTC  19.1 
Part  2,  Pressure  Measurement  PTC  19.2 
Part  3,  Temperature  Measurement  PTC  19.3 
Part  5,  Measurement  of  Quantity  of  Male' 

rials  PTC  19.5 
Part  6,  Electrical  Measurements  in  Power 

Circuits  PTC  19.6 
Part  10,  Flue  and  Exhaust  Gas  Analyses 

PTC  19.10 
Part  11,  Determination  of  Quality  of  Steam 

PTC  19.11 
Part  12,  Measurement  of  Time  PTC  19.12 
Part  13,  Measurement  of  Rotary  Speed 

PTC  19.13 
Part  16,  Density  Determinations  PTC 

19.16 
Part  17,  Determination  of  Viscosity  of 

Liquids  PTC  19.17 
Part  18,  Humidity  Determinations  PTC 

19.18 
Part  21,  Leakage  Measurement  PTC  19.21 

3.12.3    ASME  Research  Publication: 

Fluid  Meters  —  Their  Theory  and  Appli- 
cation 


3Q  ASMEPOWERTESTCODES 

3  73  4    American  Gas  Association:  Heat  of  Combustion  of  Liquid  Hydrocarbon 

Orifice  Metering  of  Natural  Gas  -  Gas  Fuels  by  Bomb  Calorimeter,  D  240 

Measurement  Committee  Report  No.  3,  Test  for  Calorific  Value  of  Gaseous  Fuel 

April    1955  ^y  '^*  Water-Flow  Calorimeter,  D  900 

3  73  5   ASTM  Standard  Methods: 

Methods  of  Sampling  Coals,  D  492  3.73.6    National  Bureau  of  Standards: 
Laboratory  Sampling  and  Analysi.  of  Coal  Methods  of  Measuring  Humidity  and  Test- 
end  Coke,  D  271  iog  Hygrometers,  Circular  512 
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ACENAPHTHYLENE 

ACENAPHTHENE 

ANTHRACENE 

BENZO ( a ) ANTHRACENE 

BENZO (b) FLUORANTHENE 

BENZO (k) FLUORANTHENE 

BENZO(a)FLUORENE 

BENZO (b)FLUORENE 

BENZO (ghi)PERYLENE 

BENZO(a)PYRENE 

BENZO (e)PYRENE 

2-CHLORONAPHTHALENE 

CHRYSENE 

CORONENE 

DIBENZO ( a , c) ANTHRACENE 

9,10  -  DIMETHYLANTHRACENE 

7,12  -  DIMETHYLBENZO (a) ANTHRACENE 

FLUORANTHENE 

FLUORENE 

INDENO(l,2,3  -  cd)PYRENE 

2  -  METHYLANTHRACENE 

3  -  METHYLCHOLANTHRENE 

1  -  METHYLNAPHTHALENE 

2  -  METHYLNAPHTPIALENE 

1  -  METHYLPHENANTHRENE 

9  -  METHYLPHENANTHRENE 

NAPHTHALENE 

PERYLENE 

PHENANTHRENE 

PICENE 

PYRENE 

TETRALIN 

TRIPHENYLENE 


